We analyzed the relationship between eye movements and neuronal responses recorded from area MT in alert monkeys trained to maintain visual xation during the presentation of moving patterns. The monkeys made small saccades which moved the eyes with velocities that spanned the sensitivity range of MT neurons. The saccades evoked changes in the neuronal response that depended upon (1) the level of stimulusevoked activity amidst which the saccade occurred and (2) the direction of the saccade relative to the preferred direction of the neuron. Most notably, saccades were able to suppress stimulus-evoked activity when they caused retinal image ow that opposed the neuron's preference and were able to elicit a response or enhance weak activity when they caused ow in the neuron's preferred direction. On average, the disturbance lasted 40 ms beginning about 40 ms following saccade onset. Using these parameters, we simulated synthetic spike trains from an imaginary pair of similarly tuned neurons and determined that the inter-neuronal correlation due to saccades should be negligible at all but the lowest ongoing ring rates. This conclusion was supported from our data by the observation that response variance for single MT spike trains was not measurably reduced during periods of stable gaze compared to periods when eye movement exceeded a stability criterion (0.1 during 0.5 s). While the intrusions caused by saccades are too short-lived and infrequent to account for the variability of MT neuronal response (counter to the nding in V1 of Gur et al., 1997) , the clear directional signal that they carry in area MT suggests that motion perception is not blocked during saccades by suppression at early stages in the visual pathway.
Introduction
In studies of the response properties of neurons in the visual system of the alert monkey, stability of a visual stimulus on a neuron's receptive eld is achieved by training the animal to align and hold gaze on a xation target. However, even in well-trained monkeys, as in humans, small eye movements including tremor, drift, and small saccades occur during xation (Ditchburn, 1973; Skavenski et al., 1975; Carpenter, 1977; Snodderly & Kurtz, 1985) . We have examined the impact of xational eye movements, mainly small saccades, on the visually-evoked responses of neurons in area MT.
It is well known that saccades are associated with a transient reduction in visual sensitivity (see Matin, 1974 for a review). One hypothesis advanced to account for this saccadic suppression is that visual signals, and motion signals in particular, are blocked or strongly suppressed during saccades, possibly as early as the LGN (e.g., Sherman and Koch, 1986; Burr et al., 1994) . This idea has received some physiological support (e.g., Bartlett et al., 1976; Du y & Burch el, 1975 ) and continues to serve as a tenet of theories that seek to reconcile the continual movement of the retinae with the perceived stability of our visual environment (see Bridgeman et al., 1994, and accompanying commentary) . If these theories are correct, motion generated by small saccades which jitter xation may not be registered by neurons in area MT, in spite of the sensitivity of those neurons to moving visual targets and their role in motion perception (for review, see Albright, 1993) .
Alternatively, the motion signal accompanying saccades may be as e ective in eliciting a neuronal response as the motion of objects in the visual eld, as Wurtz (1969a,b) found for V1 and Erickson & Thier (1991) suggest for pursuit-generated motion in MT. One would certainly expect that neurons in area MT, exquisitely sensitive to the motion of a visual stimulus, would also respond to motion caused by xational eye movements of the appropriate size and direction. This possibility was raised by the otherwise unexplained occurrence of \gaps" and \bursts" (Bair, 1995) that interrupted the stimulus evoked activity in spike trains collected from MT neurons of monkeys performing a motion discrimination task . The gaps occurred most often from 600{900 ms into the 2 s trials, and were found to be correlated in pairs of simultaneously recorded neurons (Bair et al., 1996b) . If eye movements produce a neuronal response, then they are capable of increasing both the response variability of single neurons and the correlation between responses of neurons. In fact, Gur et al. (1997) have shown that the responses of V1 neurons are considerably more variable when the eyes make small movements than when they are relatively stable. It is important to know if eye movements are a signi cant source of correlation and variance because these factors can limit the information content of pooled neuronal signals (Gawne & Richmond, 1993; Zohary et al., 1994; .
We therefore examined the impact of xational eye movements on the discharge of neurons in area MT during direction tuning experiments in macaque monkeys performing a simple xation task. Our analysis of the eye movement statistics showed that the movements were typical of those made by xating monkeys and humans. We found that xational saccades produced, on average, a clear, directional signal in area MT that was consistent with the motion they induced on the retina, and we incorporated such a signal into a simulation to estimate the impact that saccades could have on the correlation between the responses of two similarly tuned neurons. We found that the response associated with saccades, being infrequent and transient in nature, had little impact on the measured response variance of single neurons or on the predicted inter-neuronal correlation in our model. Some of these results have been reported brie y elsewhere (Bair et al., 1996a) .
Materials and Methods

Experimental methods
We collected data from 97 neurons in area MT in a macaque monkey (M. nemestrina) trained to perform a simple xation task. We used a smaller data set of 26 neurons from a second, similarly trained monkey to test the consistency of the observations in the main data set. The monkeys were rewarded with a drop of juice (about 0.1 cc per trial) for maintaining gaze within 1.5 of the xation target while a stimulus was presented for approximately 2 s in a neuron's receptive eld. The standard deviation of actual eye position along the horizontal and vertical meridians was 8' (minutes of arc) and 10', respectively, for our rst monkey, and 11' and 11' for our second monkey. These were within the range of values reported by Skavenski et al. (1975, see their Table 1 ) for four macaques. Eye position was monitored using a scleral search coil system (CNC Engineering, Inc., Seattle, WA). Signals from the search coils representing horizontal and vertical eye position with a resolution of 1.5' were digitized at a rate of 500 Hz per channel. Visual stimuli were 800 x 600 pixel image sequences generated by a CRS VSG 2/3 graphics board, displayed at a frame rate of 100 Hz (non-interlaced) on a back projection screen using an Electrohome ECP 4100 RGB projection television. As viewed by the monkey, the active portion of the screen subtended approximately 40 (vertical) by 60 (horizontal) degrees of visual angle. Stimuli, drifting sine-wave gratings alone or embedded in static 2-D noise, were presented in circular apertures of optimal size and location for the neuron under study. Varnish-insulated tungsten (Micro Probe Inc., Clarksburg, MD) or tungstenin-glass (Merrill & Ainsworth, 1972) microelectrodes were advanced into the region of the superior temporal sulcus through a chronic recording cylinder and grid system (Crist Instrument Co., Inc., Damascus, MD) placed over the dorsal surface of the parietal lobe. Electrode signals were conventionally ampli ed and displayed. Pulses from a hardware time-amplitude window discriminator, synchronization pulses from the video display board, and analog signals from the search coil system were fed into an intelligent laboratory interface (Cambridge Electronic Designs 1401plus) under the control of a host computer. Data for each experiment were stored on disk for subsequent analysis.
Eye movement analysis
We restricted our analysis to eye movements occurring at least 200 ms following stimulus onset to eliminate small corrective saccades associated with acquisition of the xation target. The horizontal and vertical eye position records were convolved with a discrete approximation to a Gaussian of standard deviation 2 ms (equivalent to a low-pass lter with 3 db drop-o at 66 Hz) to suppress noise before taking rst derivatives, i.e, computing eye velocity. Too much smoothing would have reduced the apparent velocity of the eye movements, while too little smoothing would have prevented us from detecting eye movements in noise. From these smoothed records, we extracted periods of fast eye movements, slow drift, and stable gaze. Fast movements were de ned as periods during which the magnitude of eye velocity exceeded a 10 /s criterion. Subsequent analysis showed that these movements were in fact saccades (see Results). Changing the criterion to any value in the range of 7{20 /s changed by less than 4% the number of periods classi ed as saccades; however, below 7 /s, the number of such periods increased rapidly as the criterion fell into the noise (6 /s corresponds to a change of only 0.72' during our 2 ms sampling interval). We dened slow drift movements as the sum of displacements occurring in periods between saccades. Periods from 10 ms before to 10 ms after saccades were eliminated from computation of slow drift. We de ned a period of stable gaze to be a continuous epoch in which both horizontal and vertical eye position remained within 0.1 (6').
Spike train analysis
Spikes, collected at 0.1 ms resolution, were binned at 1 ms for analysis. Spike train segments for 400 ms epochs beginning 100 ms before saccade onset were used to compute saccade-triggered average neuronal responses. In computing these averages, all spike train segments were normalized by dividing each by the mean ring rate of the trial from which that segment was taken. Therefore, the saccade-triggered averages indicate the average fractional change in ring rate shortly before and after the occurrence of a saccade. If neuronal activity was independent of saccades, these averages would be at with some noise around the value one. However, if saccades were associated with, for example, a complete suppression of neuronal activity shortly after the saccade, these averages would then fall to the value zero at some time following the saccade.
For our simulations, synthetic spike trains were generated according to a homogeneous Poisson process by selecting inter-spike intervals, i , at random from the exponential distribution p( ) = e ? , 0, where was the mean ring rate.
Results
Example data Fig. 1C shows the saccade raster, whose pulses indicate periods when eye velocity exceeded 10 /s, and the accompanying spike train recorded on this trial. The longest two inter-spike intervals in this train are indicated by the arrows; they occurred just after the saccades. We will describe a quantitative analysis of the in uence of the saccades on the neuronal response after brie y characterizing the saccades themselves.
Statistics of eye movements
Eye movement statistics for our rst monkey are shown in Fig. 2 . Results for second monkey were similar to those of the rst, except where noted. We were convinced that the eye movements extracted by our 10 /s criterion were saccades because measurements of peak velocity, v, and movement amplitude, d, fell along the lower end of the \main sequence" of saccades reported for primates (Bahill et al., 1975) . Fig ) and Zuber et al. (1965, their Fig. 3 ; v = 70d) for small saccades in human observers. The maximum saccade amplitude reported here was constrained by our 3 diameter xation window. The mean saccade amplitude was 0.8 (SD 0.4 ) and the mean duration was 25 ms (SD 8 ms), implying mean velocities (approximately 30 /s) that match the mean preferred velocities reported for MT cells (Maunsell & Van Essen, 1983; Mikami et al., 1986) . Fig. 2B and C reveal a close match between the image velocities caused by the saccades (Fig. 2B ) and the preferred velocities for our sample of MT neurons (Fig. 2C) .
We also examined the distribution of saccades in direction and time. The distribution of saccade direction ( Fig. 2D ) reveals that (1) the monkey made saccades in all directions, and (2) some directions, e.g. 250 , were favored, while others, including most of fourth quadrant, were avoided. The direction distribution for the second monkey was also asymmetric, and it is possible that the peaks in these distributions exist to counteract average eye drift (see below), as suggested by Nachmias (1959) who found similar asymmetries for xational saccades in humans. The temporal distribution of saccades during the trial (Fig. 2E) shows that, on average, saccades occurred most often between 500{1000 ms after stimulus onset. This time course is consistent with the pattern of \bursts" and \gaps" in the ring of MT neurons reported by Bair (1995) ; however, the temporal distribution of saccades in our second monkey was at. The distributions of saccades across direction and time ( Fig. 2D and E) both showed considerable day-to-day variations. For example, the saccade rate varied across days from 0.05{0.9 saccades/s (mean 0.3) and 0.9{2.3 saccades/s (mean 1.4) in our rst and second monkeys, respectively. The direction bias also varied across days.
Finally, we examined the relationship between the direction of stimulus movement and eye movement for both saccades and slow drift. We de ned residual drift as the change in eye position over the trial, excluding saccades, minus the average drift across all trials for an experiment. For our rst monkey, the average drift was 6'/s to the upper right (such a drift is not uncommon, see Skavenski et al., 1975) . The residual drift was small, about 2' per 2 s trial, but its direction was strongly correlated (r = 1:00, p < 10 ?6 ) with the direction of motion of the visual stimulus, as shown in Fig. 2F ( lled circles). This correlation was not unexpected since peripheral stimuli having sizes on the order of MT receptive elds can elicit optokinetic responses in monkeys (Koerner & Schiller, 1972) . The speed of the drift was small compared to that of the visual stimuli, therefore we consider only saccadic movements hereafter. The residual saccade direction, i.e., the direction of the saccade minus the mean direction over all saccades, was not correlated with stimulus direction (Fig. 2F , open circles). Data for the second monkey were similar.
We have shown that small saccades occur during xation, induce retinal ow that is well within the range of sensitivity of MT neurons, are distributed over all directions and occur throughout the duration of the visual stimulus. Next, we consider the impact of these saccades on the neuronal response.
Neuronal response, variance, and correlation
We estimated the in uence of saccades on neuronal response by computing the average ring rate as a function of time relative to saccade onset. These saccade-triggered averages were computed conditionally on two factors: (1) the direction of the saccade relative to the neuron's preferred direction and (2) the time-averaged mean ring rate of the neuron on the trial during which the saccade occurred. We classi ed saccades whose directions were < 45 from the neuron's preferred direction as null ow (i.e., causing retinal image motion in the direction opposite the neuron's preferred direction) and saccades whose directions di ered from the neuron's preferred direction by > 135 as preferred ow (i.e., causing retinal image motion in the neuron's preferred direction). Trials were divided, based on a criterion ring rate of 20 Hz, into groups of low ring rate to best reveal elevations in response and high ring rate to best reveal depressions in response.
The results for the high ring rate case are illustrated by the saccade and spike rasters in Fig. 3A . Two saccades occurred during the presentation of a stimulus moving to the upper right, the preferred direction for this neuron. The rst saccade induced null ow and was followed in the spike train by a decrease in ring rate, while the second saccade induced preferred ow and had no observable e ect on the ongoing rate. The saccade triggered averages for our population of MT neurons show that saccades inducing preferred ow had on average no e ect on high ongoing ring rate (Fig. 3B) , while saccades inducing null ow were followed on average by a reduction in ring rate (> 50%) which began 35{40 ms after the saccade onset and lasted for about 40 ms (Fig. 3C) . The results for the low ring rate case are illustrated in Fig. 3D for the same neuron used in Fig. 3A . Two saccades occurred during the presentation of a stimulus moving to the lower left. This time, the saccade inducing null ow had no observable impact on the response, while the saccade inducing preferred ow was followed by a short burst of spikes. The population averages show that saccades inducing preferred ow were followed by an increase in ring rate (Fig. 3E) with a time course similar to the dip in Fig. 3C , while saccades inducing null ow were followed on average by a mild suppression followed by a slight rebound (Fig. 3F) . This pattern of results demonstrates that small saccadic eye movements a ect the neuronal response in a way that depends both on the direction of the saccade and on the ongoing ring rate of the neuron. We observed a nearly identical pattern of results in the data from the second monkey.
Using our measurements of the neuronal responses to xational saccades, we attempted to estimate an upper bound for the in uence of such eye movements on inter-neuronal correlation and compared this estimate to the correlation measured by Zohary et al. (1994) for pairs of nearby, similarly tuned MT neurons. We employed a statistical simulation that generated two independent Poisson spike trains with the same mean rate, o , for a duration of 2 s and allowed saccades to occur at random with rate , also according to a Poisson process. Saccades were randomly assigned to cause either preferred or null ow. For null ow saccades, both spike trains were modi ed by removing all spikes that followed the saccade within 40 ms (Fig. 4A, top) . Following preferred ow saccades, the ring rate was increased to 100 Hz for 40 ms in both spike trains (Fig. 4A, bottom) . These manipulations re ected a slight exaggeration of the largest experimentally observed e ects of saccades on the responses of MT neurons and were designed to yield an upper bound on the e ect of saccades on correlation. Fig. 4B shows Pearson's correlation coe cient, r, for the paired spike counts during a 2 s period as a function of background ring rate ( o ) for = 0:25. This corresponds to a true rate of 0.5 saccades/s because the model explicitly represents only half of the saccades, i.e., those in the null ow quadrant and those in the preferred ow quadrant. Results are also shown for = 2:00, a rate at which the contribution of saccades to correlation becomes substantial relative to the mean value r = 0:2 (plotted as a line in Fig. 4B ) measured for MT neurons by Zohary et al. (1994) . When the baseline ring rate was zero, the spikes caused by saccades dominated the response (see inset rasters) and r was high, near 0.8, for both values of tested. As the ring rate increased, r decreased because the spike count and its variance were dominated by the statistics of the Poisson process which contributed uncorrelated variance to each spike train. If we take the curve for = 0:25 as an upper bound for the saccade rate for our rst monkey, the model predicts that the correlation induced by saccades is negligible for most ring rates but that high correlation may be observed at low ring rates. The second monkey made more frequent saccades (mean 1.4 saccades/s), but this is still well below the rate represented by the curve for = 2 (corresponding to a true rate of 4 saccades/s).
In our model, the small e ect of saccades on neuronal response correlation is related to the small e ect that they have on the response variance of the individual neurons. Indeed, correlation is shared variance, and if saccades do not greatly in uence the variance of individual neurons (as shown next) they cannot create correlation between two responses. In Fig. 4C , variance is plotted against mean for the spike count within a 500 ms epoch for the individual spike trains in the model ( = 0:25) using all epochs (all), epochs without saccades (stable gaze), and epochs with at least one saccade (unstable gaze). In the absence of saccades (stable case, Fig. 4C ) the model shows the expected result for a Poisson process: the variance equals the mean. When saccades are introduced (all and unstable case, Fig. 4C ), their in uence becomes substantial at low ring rates, when the majority of the spikes are those contributed by the preferred ow saccades (for example, see model spike trains in upper inset in Fig. 4B , or the neuronal spike train in Fig. 3D ). There is little increase in variance at higher ring rates, e.g. above 20 spikes/s.
The variance in excess of the mean at low spike counts in Fig 4C underlies the predicted increase in correlation at low ring rates in Fig 4B, and the variance-to-mean relationship can be directly determined from our MT data. We therefore measured this relationship for periods with relatively stable gaze and for periods when the eyes moved more than a criterion amount. The criterion and response period were chosen intentionally to be similar to those of Gur et al. (1997) , who de ned stable gaze to be less than 3 0 of movement starting 100 ms before and lasting throughout the response period, which we approximated to be 500 ms. Note that this criterion allows movements of up to 6', or 0.1 . Fig. 4E shows variance as a function of mean response for the two conditions. Filled circles show data from periods for which gaze was stable, i.e., horizontal and vertical eye positions individually remained within 0.1 for 600 ms beginning 100 ms before the period. Open squares show data from periods during which the eyes moved more than 0.1 . The data for the unstable condition did not di er signi cantly from the regression for the stable data for either of the two monkeys (F-test, p = 0:36, p = 0:15); the response variability of our sample of MT neurons, which was similar to that reported by others (Snowden et al., 1992; Softky & Koch, 1993) , was therefore not attributable to xational saccades. This result held regardless of the particular 500 ms interval used (e.g., 500{1000 ms gave similar results to 1000{1500 ms). The excess variance at low ring rates in the presence of saccades, which appears for the model but not for the neuronal data (compare Fig. 4C  and D, squares) , results from the model's use of an over-estimate of the strength of the response to saccades at low ring rates. To verify this, we measured the neuronal response to preferred ow saccades as a function of ongoing ring rate and found that the response decreased with and was on average four times the ongoing rate. Thus, the constant response of 100 Hz in the model over-estimates the in uence of saccades at low ring rates.
Discussion
It is well known that monkeys trained to maintain xation make small eye movements, including saccades (e.g., Skavenski et al., 1975 , Gur et al., 1997 , which, as we have shown here, cause the eyes to move at velocities in the range of sensitivity for MT neurons. We suspect that the ow induced by such saccades might be the cause of the interruptions previously observed in area MT responses from three awake monkeys (Bair, 1995 , analysis of data from Britten et al., 1992) . Indeed, the time-course and form of the responses to saccades that we found here were similar to those of the bursts and gaps noted previously.
We found that saccades had a strong, transient e ect on the ring of MT neurons. The e ect depended both on the direction of the saccade relative to the direction preference of the neuron and on the ongoing activity of the neuron. When ring rate was high (e.g., during presentation of a preferred stimulus), saccades that induced null ow were, on average, followed by a 50% suppression in response that lasted for approximately 40 ms. Under this condition, saccades that induced preferred ow had little or no impact on response|presumably, the neuron's ring rate was already maximal. When ring rate was low (e.g., during presentation of a non-preferred stimulus), saccades had nearly the opposite e ect; those that induced preferred ow were followed by a transient response increase that lasted about 40 ms. In this condition, saccades that induced null ow had a less pronounced impact on response (possibly a combination of suppression and rebound, see Fig. 3D ). These results suggest that saccades exert their e ect on MT responses by injecting visual motion signals. These signals, while brief, are well matched to the temporal integration properties of many MT neurons (Bair et al., 1997a,b) . It is worth noting that not all neurons that responded to saccades did so in the same way; some showed response facilitation regardless of the direction of the eye movement, while others showed response suppression for all conditions. This pattern of results appears to be inconsistent with a strong, early suppression of motion signals. In particular, it has been suggested that motion signals associated with saccades are suppressed as early as the LGN (Burr et al., 1994) and are completely absent in higher centers (Bridgeman et al., 1994) . If this were the case, we should not have observed directional signals in area MT. Our results are more consistent with those of Wurtz (1969a,b) and Judge et al. (1980) who reported that the suppressive e ects of saccades on neurons in striate cortex could be accounted for in terms of a visual signal, i.e., that the e ects of eye movement and stimulus movement were indistinguishable. These studies, which show no evidence for a suppressive corollary discharge, are in fact consistent with the observation that detection thresholds are elevated during saccades (Latour, 1962; Volkmann et al., 1968) . MacKay (1970) showed that, in the absence of an eye movement,`saccadic' suppression lasting 50{ 100 ms resulted from a 3.2 saccade-like displacement of the visual eld. Thus, the motion signal associated with saccades which appears to travel intact through the visual system, at least to the level of area MT, may be a source, rather than a target, for saccadic suppression. If one accepts the enduring assertion that motion perception is blocked centrally during saccades (Dodge, 1900; Bridgeman et al., 1994) , the task is then to explain how the fate of a saccade-generated motion signal is di erent from that of other signals in MT which have been closely linked to motion perception Salzman et al., 1992; Britten et al., 1996) .
Whether or not they are perceived as motion, saccade-related intrusions on the neuronal response contribute a correlated signal to populations of MT neurons with similar direction and speed preferences. We computed a quantitative upper bound on the correlation caused by saccades, using a model based on the saccade rates and responses measured here. Across most ring rates, the correlation produced by our model was only a fraction of that reported for similarly tuned MT neurons with overlapping receptive elds (Zohary et al., 1994) . At low ring rates, however, the correlation between our simulated neurons reached large values (Fig. 4B) as a result of the strong response to preferred-ow saccades (100 Hz for 40 ms) built into the model. The behavior of the model can be understood by considering the origin of the variance of spike count. At low ring rates, the total variance is roughly the sum of that due to preferred-ow saccades and that due to the Poisson process with mean rate o . The variance due to the saccades is constant, while that due to ongoing ring declines linearly with o . The additive constant variance of the saccades caused the variance to turn upward on a log-log plot at low ring rates (Fig. 4C) . This upturn occurred because our model used an over-estimate for the strength of the response to preferred-ow saccades, and we expect that experimental measurements of the correlation induced by saccades would be less than what our model predicts at low ring rates. The recent suggestion that a large fraction of the response variance in visual cortical neurons of awake monkeys could arise from eye movements (Gur et al., 1997) led us to compare the response variance for our MT neurons under conditions of relatively stable and unstable gaze. In contrast to the results of Gur et al. (1997) for V1 neurons, we found that the response variability of MT neurons during epochs of stable gaze was on average the same as that during epochs of unstable gaze (Fig. 4D) . This is consistent with our model which predicted that the additional variance caused by saccades would be negligible at most ring rates (Fig. 4C) . However, the failure of small saccades to signi cantly increase response variance does not allow us to conclude that variance is independent of all eye movements. Small, intersaccadic eye movements occur continually and have amplitudes in the range of 1{5' (Barlow, 1952; Ditchburn & Ginsborg, 1953, see their Table 1 for review), well above the amplitude threshold (5{10 seconds of arc) for psychophysical detection of moving visual stimuli (Morgan & Ward, 1980; Nakayama & Tyler, 1981) . If MT neurons carry the signals which support the detection of such small stimulus movements, then it is possible that at least some of the noise in their spike trains may be the remnants of signals that arise at the sensory periphery due to similarly small eye movements. While we cannot quantify the impact of such small eye movements, which are inevitable in natural viewing conditions but beyond the resolution of our measurements, we can say that eye movements larger than six minutes of arc, which include xational saccades, do not account for a substantial portion of the variance observed in MT neurons in the alert monkey. The di erence between our results and those of Gur et al. (1997) may not be surprising given the number of factors which could in uence the e ect of eye movements on neuronal response. Among these are (1) the properties of the neuron, e.g., the receptive eld size with respect to the size of a typical eye movement, (2) the nature of the response elicited by the stimulus, e.g., its time course, ring rate, and variance, and (3) the frequency and types of eye movements made by the monkey (see inter-animal di erences in eye traces reported by Skavenski et al., 1975) . For many neurons, the in uence of xational eye movements will be predictable by combining quantitative descriptions of the eye movements with knowledge of the neuron's visual responses under nominally stable gaze conditions, but the size of eye movement responses relative to other sources of unexplained response variance will depend on how much control ascending visual inputs have on the neuron under study. Perhaps the impact of eye movements dominates closer to the periphery but becomes secondary to other sources of noise at higher levels in the visual system. (Evinger et al., 1984; Collewijn et al., 1985) and were excluded from further analysis. The lines are ts from the literature (see text). 
